Introduction {#sec1-1}
============

Microglia are the main immune cells in the central nervous system and have functional properties similar to peripheral macrophages (Lawson et al., 1990; Streit et al., 2005). Microglia can respond within a few minutes and converge at the site of injury. The pro-inflammatory cytokines released by these cells promote the influx of polymorphonuclear cells and macrophages from the blood (Davalos et al., 2005). Microglia have a dual function in spinal cord injury (SCI); while they secrete inflammatory factors that worsen tissue damage, they also mediate phagocytosis of tissue debris and pathogens (Gitik et al., 2010). Rapid and efficient phagocytosis can reduce neuronal damage, help tissue remodeling and regulate the immune response (Tosello-Trampont et al., 2003). The mechanical forces generated by stress fibers initiate the movement of microglia (Clark et al., 2007; Pellegrin and Mellor, 2007), allowing them to migrate to the site of injury. The small GTPase Rho and its downstream effector Rho-associated kinase (ROCK) regulate the assembly/disassembly and function of stress fibers. There are two isoforms of ROCK: ROCK1 and ROCK2 (Matsui et al., 1996). Activated ROCK phosphorylates the regulatory myosin light chain and the myosin-binding subunit of the myosin light chain phosphatase to inhibit its activity. Numerous actin-myosin-related processes are regulated by ROCK, including adhesion, cell motility, phagocytosis, differentiation, neurite retraction and proliferation (Riento and Ridley, 2003; Yu et al., 2012; Kanno et al., 2015; Kim et al., 2015). Migration is regulated by the cytoskeleton through myosin light chain kinase. Accumulating evidence suggests that ROCK plays a major role in the migration of myoblasts, glioblastoma cells and melanoma cells (Mertsch et al., 2013; Goetsch et al., 2014; Wilhelm et al., 2014; Wallert et al., 2015). However, the role of ROCK in microglial migration and the underlying mechanisms are unclear.

ROCK inhibition is reported to promote the proliferation and cell cycle progression of primary astrocytes (Yu et al., 2012). Here, we cultured primary microglia from the spinal cord and investigated the effect of ROCK inhibition on the migration of these cells. ROCK inhibition-mediated microglial migration might be particularly important in SCI. Y27632, a ROCK-specific inhibitor, and fasudil, a nonspecific ROCK inhibitor, have been widely used to study the function of ROCK signaling (Miyata et al., 2000; Olson, 2008). Using Y27632 and fasudil, we investigate the effect of inhibiting the ROCK signaling pathway on the migration and morphology of cultured microglia, and we examine the underlying mechanisms.

Materials and Methods {#sec1-2}
=====================

Culture of primary microglia {#sec2-1}
----------------------------

Newborn Sprague-Dawley pups at postnatal day 1--2, from the Experimental Animal Center of Hubei Province of China (SCXK (E) 2015-0018), were used in this study. Ethical approval was obtained from Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, China (ethical approval: (2014) IACUC Number: 363).

Primary microglial cultures were prepared according to a modification of a previously published method (Gingras et al., 2007). Briefly, spinal cords were removed from pups on postnatal day 1--2 and rinsed with ice-cold Hank\'s balanced salt solution. After removing the meninges, the spinal cord was cut into pieces and incubated in 0.125% trypsin for 15 minutes. The trypsin solution was aspirated carefully and Dulbecco\'s modified Eagle\'s medium (DMEM)/F12 containing 10% fetal bovine serum (FBS) was added to terminate digestion. Spinal cord cells were dissociated by gentle trituration with a 1-mL pipette until the cell suspension was homogenous and no big chunks of tissue remained. After centrifugation at 200 ×*g* for 8 minutes at 4°C, the supernatant was removed. The cell pellet was resuspended in DMEM/F12 containing 10% FBS and placed in culture flasks precoated with poly-D-lysine at 1 × 10^6^/mL density. Cultures were incubated at 37°C in a 5% CO~2~ atmosphere. After 2 days, the medium was refreshed with high-glucose DMEM containing 20% FBS. Ten days later, without medium change, astrocytes formed a congested monolayer on the surface of the flask, whereas microglia grew on the surface of the astrocytes. To isolate microglia, the culture flasks were sealed tightly and shaken on a horizontal orbital shaker at 200 r/min and 37°C for 1.5 hours. The cell suspension was collected and transferred to new flasks. The flasks were incubated at 37°C for 20 minutes to facilitate the adherence of the microglia. Twenty minutes after the microglia attached to the flasks, the medium was removed carefully and replaced with high-glucose DMEM containing 10% FBS for further purification.

In the central nervous system, each type of microglia expresses CD11b and IBA1 (ionized calcium-binding adaptor molecule 1). These two proteins are specific markers for microglia in the central nervous system. After labeling with anti-CD11b and 4′,6-diamidino-2-phenylindole (DAPI; Jackson ImmunoResearch Laboratories Inc.), cultures more than 95% pure were used for experiments. ROCK1 and ROCK2 are expressed in heart and vascular smooth muscle. ROCK1 is more abundant in testes, liver and kidney, while ROCK2 is more highly expressed in skeletal muscle and brain (Lawson et al., 1990). In our preliminary study, we found that ROCK1 was not expressed in spinal cord microglia. Therefore, in the present study, only ROCK2 expression was assessed, by immunostaining with rabbit anti-ROCK2 antibody (1:300; Santa Cruz Biotechnology, Santa Cruz, CA, USA).

A specific inhibitor of extracellular signal-regulated kinase (ERK), U0126, was used, and microglia were divided into six groups: control, Y27632-treated, fasudil-treated, U0126-treated, U0126 + Y27632-treated and U0126 + fasudil-treated groups (*n* = 4 per group).

Lactate dehydrogenase release and ROCK assays {#sec2-2}
---------------------------------------------

Lactate dehydrogenase release assay was used to assess toxicity caused by treatment with 10 μM Y27632 (Sigma Chemical, St. Louis, MO, USA) (John et al., 2004; Racchetti et al., 2012) and 41 μM fasudil (Sigma Chemical) (Ding et al., 2010). The CytoTox 96 nonradioactive cytotoxicity assay kit (Promega, Madison, WI, USA) was used to measure lactate dehydrogenase release according to the manufacturer\'s instructions. The ROCK Activity Assay kit (Millipore/Chemicon, Temecula, CA, USA) was used to assess ROCK activity. Briefly, after shaking, the primary microglia were resuspended in high-glucose DMEM containing 10% FBS, adjusted to a concentration of 1 × 10^6^ cells/mL, plated in 6-well cell culture plates in a volume of 2 mL/well, and incubated for 12 hours. The cells were randomly divided into three groups: control (phosphate-buffered saline \[PBS\]), Y27632 (10 μM) and fasudil (41 μM) groups. The culture medium was collected at 1, 3 and 6 hours for lactate dehydrogenase assay. The cells were collected for ROCK activity assay. The cells were extracted in radioimmunoprecipitation assay buffer containing 1 mM phenylmethyl sulfonylfluoride. The lysates were centrifuged at 12,000 × *g* at 4°C for 15 minutes, and the protein concentration in the supernatants was determined using the Bicinchoninic Acid Protein Assay Kit (Pierce, Cheshire, UK) with bovine serum albumin as the standard. The same amount of protein for each group was used for the ROCK activity assay, which was carried out according to the manufacturer\'s instructions. The ROCK activity in the Y27632 and fasudil groups was normalized to the corresponding control (taken as 100%). Cells were plated in triplicate wells for each experiment, and four independent experiments were performed.

Immunocytochemical staining {#sec2-3}
---------------------------

Cells were incubated in high-glucose DMEM containing 10% FBS with or without 10 μM Y27632 and 41 μM fasudil, or preincubated in 10 μM U0126 (Promega) for 30 minutes before Y27632 and fasudil treatment for 1 hour. Cells were then fixed with 100% methanol for 15 minutes. After three rinses in PBS, the cells were permeabilized in 1% Triton X-100 in PBS for 15 minutes. Subsequently, the cells were incubated with 5% bovine serum albumin for blocking nonspecific sites for 2 hours. Cells were incubated overnight with rabbit anti-IBA1 polyclonal antibody (1:300; Wako, Richmond, VA, USA), mouse anti-CD11b monoclonal antibody (1:100; BD Biosciences, San Jose, CA, USA), rabbit anti-ROCK2 polyclonal antibody (1:300; Santa Cruz Biotechnology) or negative control (PBS) at 4°C. On the second day, cells were washed with PBS and then incubated with CY3-conjugated goat anti-rabbit IgG and FITC-conjugated goat anti-mouse IgG (1:200; Jackson ImmunoResearch Laboratories Inc., West Grove, PA, USA) for 1 hour at 37°C. The cells were thereafter washed in PBS and incubated with DAPI (10 μg/mL) for 10 minutes. The morphology of microglia was examined by fluorescence microscopy (DP50; Olympus, Tokyo, Japan).

Migration ability determined by the Transwell migration assay {#sec2-4}
-------------------------------------------------------------

Cell migration ability was evaluated using Transwell chambers (No. 3422, 8 μm pore size, Corning Costar, Cambridge, MA, USA) (Koro et al., 2011; Liu et al., 2012). Briefly, cells were suspended in culture medium, adjusted to a concentration of 1 × 10^6^ cells/mL, plated (100 μL/well) in the upper compartment of the Transwell chamber, and incubated for 6 hours. Microglia were randomly divided into three groups: control, Y27632 and fasudil groups. The lower and upper compartments contained the same medium. After 6 hours, the transwell chambers were fixed with 100% methanol for 15 minutes, washed in PBS, and incubated with Coomassie brilliant blue at room temperature for 20 minutes. The cells in the upper compartment of the transwell chamber were carefully removed using cotton swabs, and the number of microglia in the lower compartment was assessed with an inverted microscope (Olympus). Four fields were selected for statistical analysis by another experimenter. Triplicate plates were used for each experiment, and four independent experiments were conducted.

In-cell western blot assay {#sec2-5}
--------------------------

Given the limited number of microglia in primary culture available for protein extraction, the in-cell western blot assay was performed as previously described (Egorina et al., 2006). Briefly, cells were seeded in 96-well plates (Black wall, Corning 3631) at 5 × 10^5^ cells/well and cultured for 12 hours. Cell were washed twice in PBS, fixed with 4% paraformaldehyde for 20 minutes, incubated with 0.1% Triton X-100 for 20 minutes, and then washed twice in PBS. Blocking was carried out with 5% bovine serum albumin for 1 hour at room temperature. The cells in the wells were incubated overnight at 4°C with the negative control or a mixture of anti-phospho-ERK1/2 polyclonal antibody (1:500; Cell Signaling Technology, Beverly, MA, USA) and anti-β-actin monoclonal antibody (1:1,500; Santa Cruz Biotechnology), and then with secondary antibodies (Alexa Fluor 800-conjugated goat anti-mouse IgG and/or IRDye 800-conjugated goat anti-rabbit IgG, 1:5,000; Li-COR Biosciences Inc., Lincoln, NE, USA) at room temperature for 1 hour. The immunoreactivity of cells was quantitatively analyzed using an Odyssey IR imaging system (Li-COR Biosciences Inc.) and expressed as the mean optical density. The amount of each protein was normalized to that of β-actin as follows: optical density of target protein/optical density of the corresponding β-actin.

Statistical analysis {#sec2-6}
--------------------

All data are expressed as the mean ± SEM. SPSS 19.0 software (IBM, Armonk, NY, USA) was used for statistical analysis. The paired *t*-test was used to compare differences between two groups, and one-way analysis of variance with Tukey\'s *post hoc* test was used to compare differences between more than two groups. *P* \< 0.05 was considered statistically significant.

Results {#sec1-3}
=======

Y27632 and fasudil reduced ROCK activity in microglia {#sec2-7}
-----------------------------------------------------

The purity of microglial cultures and ROCK2 expression were determined by immunocytochemical staining. Double labeling with ROCK2 and anti-CD11b antibodies showed that over 95% of the cells were CD11b-positive microglia, and almost all cells were positive for ROCK2 (**[Figure 1A](#F1){ref-type="fig"}**).

![Microglia expressed ROCK2, and the ROCK inhibitors were not cytotoxic to cultured spinal cord microglia at the concentrations used.\
(A1) CD11b + DAPI double staining; (A2) ROCK2 + DAPI double staining; (A3) CD11b + ROCK2 double staining. Scale bar: 25 μm. (B) Mean LDH release after 1, 3 and 6 hours of treatment with Y27632 (10 μM), fasudil (41 μM) or control (phosphate-buffered saline). (C) ROCK activity in microglia after Y27632 (10 μM) and fasudil (41 μM) treatment. Data are shown as the mean ± SEM (*n* = 4; one-way analysis of variance followed by Tukey\'s *post hoc* test). \*\**P* \< 0.01. ROCK: Rho-associated kinase; LDH: lactate dehydrogenase; DAPI: 4′,6-diamidino-2-phenylindole.](NRR-13-677-g002){#F1}

The lactate dehydrogenase release assay was used to assess cytotoxicity after treatment with Y27632 and fasudil. There was no significant difference between cells treated with Y27632, cells treated with fasudil and control cells (*P* \> 0.05; **[Figure 1B](#F1){ref-type="fig"}**). Hence, Y27632 and fasudil were not cytotoxic to primary microglia. To evaluate the inhibitory effect of Y27632 and fasudil on ROCK activity, we used the ROCK Activity Assay Kit to measure ROCK activity in microglia. After treatment with Y27632 or fasudil for 1, 3 and 6 hours, we observed significant reductions in ROCK activity in microglia (**[Figure 1C](#F1){ref-type="fig"}**; *P* \< 0.01).

Y27632 and fasudil promoted microglial migration {#sec2-8}
------------------------------------------------

We used the Transwell chamber assay to investigate the effects of Y27632 and fasudil on microglial migration. Treatment with Y27632 (**[Figure 2A2](#F2){ref-type="fig"}**) or fasudil (**[Figure 2A3](#F2){ref-type="fig"}**) resulted in a higher number of migrating cells compared with the control (**[Figure 2A1](#F2){ref-type="fig"}**). These findings show that ROCK inhibition by Y27632 and fasudil results in increased microglial migration (**[Figure 2B](#F2){ref-type="fig"}**; *P* \< 0.01 or *P* \< 0.05).

![Y27632 and fasudil promoted migration of cultured spinal cord microglia.\
(A) Transwell chamber assay using control (A1, phosphate-buffered saline), Y27632 (A2, 10 μM) and fasudil (A3, 41 μM)-treated microglia at 6 hours (Coomassie brilliant blue staining). Scale bar: 25 μm. (B) Y27632 and fasudil treatments increase the number of migrating microglia at 6 hours. Data are shown as the mean ± SEM (*n* = 4; one-way analysis of variance followed by Tukey\'s *post hoc* test). \**P* \< 0.05, \*\**P* \< 0.01.](NRR-13-677-g003){#F2}

The ERK signaling pathway played a role in mediating the effects of Y27632 and fasudil on microglia {#sec2-9}
---------------------------------------------------------------------------------------------------

Our previous study showed that Y27632 and fasudil significantly increased levels of phosphorylated (p)-ERK in BV2 microglial cells, without significantly impacting the levels of p-JNK or p-p38 (Fu et al., 2016a). In this study, in-cell western blot assay was used to determine whether Y27632 and fasudil modulate the levels of p-ERK. After treatment with Y27632 or fasudil for 1, 3 and 6 hours, p-ERK levels were significantly upregulated compared with the control (**[Figure 3A](#F3){ref-type="fig"}**, **[B](#F3){ref-type="fig"}**; *P* \< 0.01 or *P* \< 0.05).

![Effects of Y27632 and fasudil on p-ERK protein expression levels in cultured spinal cord microglia.\
(A) In-cell western blot assay of the changes in p-ERK protein expression levels in response to Y27632 (10 μM) and fasudil (41 μM) treatments at 1, 3 and 6 hours. (B) Statistical analysis of p-ERK protein levels. Data are shown as the mean ± SEM (*n* = 4; one-way analysis of variance followed by Tukey\'s *post hoc* test). \**P* \< 0.05, \*\**P* \< 0.01. p-ERK: Phosphorylated extracellular signal-regulated kinase.](NRR-13-677-g004){#F3}

The ERK signaling pathway was involved in Y27632- and fasudil-induced microglial migration {#sec2-10}
------------------------------------------------------------------------------------------

ERK is downstream of MEK. To determine whether the MEK1/2 inhibitor U0126 affects the levels of p-ERK, in-cell western blot assay was performed. Microglia were preincubated with U0126 (Caron and Hall, 1998) at 10 μM for 30 minutes before Y27632 or fasudil treatment. p-ERK was significantly downregulated at 6 hours for each pairwise comparison (U0126 group compared with control group; Y27632 + U0126 group versus Y27632 group; fasudil + U0126 group versus fasudil group) (**[Figure 4A](#F4){ref-type="fig"}**, **[B](#F4){ref-type="fig"}**; *P* \< 0.05). The number of migrating cells (**[Figure 4C](#F4){ref-type="fig"}**; *P* \< 0.05) varied in a manner consistent with the p-ERK level in each group.

![Involvement of the ERK signaling pathway in Y27632- and fasudil-induced microglial migration.\
(A) In-cell western blot assay shows the changes in p-ERK levels in cultures treated with Y27632 (10 μM), fasudil (41 μM), U0126 (10 μM), Y27632 (10 μM) + U0126 (10 μM) and fasudil (41 μM) + U0126 (10 μM) at 6 hours. Odyssey infrared imaging system was used to assess the fluorescence staining. (B) p-ERK levels at 6 hours after treatment (mean ± SEM; *n* = 4; one-way analysis of variance followed by Tukey\'s *post hoc* test). (C) The number of migrating microglia varied in accordance with the levels of p-ERK protein at 6 hours after treatment (mean ± SEM; *n* = 4; one-way analysis of variance followed by Tukey\'s *post hoc* test). \**P* \< 0.05, \*\**P* \< 0.01. ERK: Extracellular signal-regulated kinase; p-ERK: phosphorylated extracellular signal-regulated kinase.](NRR-13-677-g005){#F4}

The ERK signaling pathway played a role in the Y27632- and fasudil-induced changes in microglial morphology {#sec2-11}
-----------------------------------------------------------------------------------------------------------

Using IBA1 staining, we examined morphological changes. Compared with control cells, Y27632- and fasudil-treated microglia had a larger size, an irregular shape and more small processes (**[Figure 5A](#F5){ref-type="fig"}**--**[C](#F5){ref-type="fig"}**). These results indicate that ROCK inhibition affects the actin cytoskeleton, impacting retraction and cell spreading, thereby inducing morphological changes.

![The ERK signaling pathway is involved in the morphological changes induced by Y27632 and fasudil in microglia.\
Fluorescence double staining (Olympus DP50) with anti-IBA1 (red)/DAPI (blue) shows morphological changes in microglia after a 1-hour treatment with control (A, PBS), Y27632 (B, 10 μM), fasudil (C, 41 μM), U0126 (D, 10 μM), Y27632 (10 μM) + U0126 (10 μM) (E), and fasudil (41 μM) + U0126 (10 μM) (F). Scale bar: 25 μm. ERK: Extracellular signal-regulated kinase; DAPI: 4′,6-diamidino-2-phenylindole.](NRR-13-677-g006){#F5}

Next, U0126 was used to assess whether the morphological changes were dependent on ERK signaling. We observed no morphological change in cells treated only with U0126 (**[Figure 5D](#F5){ref-type="fig"}**), compared with control cells (**[Figure 5A](#F5){ref-type="fig"}**). Pretreatment with U0126 blocked the morphological changes induced by Y27632 and fasudil, presumably by inhibiting the ERK pathway (**[Figure 5E](#F5){ref-type="fig"}**, **[F](#F5){ref-type="fig"}**). Thus, the ERK signaling pathway plays a role in Y27632- and fasudil-induced morphological changes in microglia, and these changes are associated with increased microglial migration.

Discussion {#sec1-4}
==========

ROCK regulates cellular morphology and inflammatory cytokine secretion in microglia (Schwab et al., 2004, Hoffmann et al., 2008; Takenouchi et al., 2008; Bernhart et al., 2010; Xin et al., 2015). ROCK-mediated microglial motility promotes phagocytosis of dying dopaminergic neurons (Barcia et al., 2012). Lysophosphatidylcholine-induced neuroinflammation is mediated by ROCK-dependent pathways in glia, and inhibition of these pathways confers neuroprotection (Sheikh et al., 2009). Thrombin-treated microglia exhibit enhanced phagocytosis and increased tumor necrosis factor-α, nitric oxide and ROCK levels. Thrombin-treated microglia that are pretreated with argatroban or Y-27632 display decreased phagocytotic activity, reduced ROCK and tumor necrosis factor-α expression, and lowered nitric oxide levels (Cui et al., 2013). ROCK inhibition by fasudil protects against lipopolysaccharide-mediated degeneration of dopaminergic neurons and might enhance the treatment of Parkinson\'s disease (He et al., 2016). Nitric oxide and proinflammatory cytokine production is induced in brain tissue after hypoxia/reoxygenation, and fasudil lowers secretion of nitric oxide and pro-inflammatory cytokines, such as tumor necrosis factor-α, interleukin-6 and interleukin-1β, and promotes production of anti-inflammatory cytokines, such as IL-10, in primary microglia (Ding et al., 2010). In our previous study, we found that ROCK inhibition enhances microglial phagocytic activity *via* the ERK signaling pathway (Fu et al., 2016a). Nevertheless, its role in microglial migration and the underlying mechanisms remained largely unknown. In the present study, we demonstrate that microglial migration is enhanced by ROCK inhibition.

Microglia are the main immune cells in the central nervous system. After central nervous system injury, microglia form a barrier between healthy and damaged tissue by rapidly converging at the site of injury (Davalos et al., 2005; Lu et al., 2011; Doncel-Pérez and Nieto-Sampedro, 2016; Wang et al., 2017). Microglial branch dynamics mediate this rapid response. After injury, astrocytes release adenosine triphosphate, which regulates microglial branch dynamics (Davalos et al., 2005). Our present findings show that ROCK inhibition increases migration activity in microglia, and in our previous studies, we found that ROCK inhibition enhances microglial phagocytosis and promotes early functional recovery after SCI (Fu et al., 2016a, b). Therefore, ROCK inhibition promotes functional recovery from SCI by various mechanisms, including by enhancing microglial migration.

The Rho/ROCK pathway is a major signaling pathway in the central nervous system, transducing inhibitory signals to block regeneration. After central nervous system injury, factors near the injury site inhibit neural regeneration through the Rho/ROCK pathway. Thus, an understanding of the Rho/ROCK pathway is important for advancing studies on the regeneration and repair of the central nervous system (Liu et al., 2015).

It is well known that various activated membrane receptors can activate the Rho/ROCK signaling pathway, such as G protein-coupled receptors, tyrosine kinase receptors and intracellular receptors (Tan et al., 2011; Walchli et al., 2013). The ROCK signaling pathway plays a particularly important role in cell migration (Mertsch et al., 2013; Goetsch et al., 2014; Wilhelm et al., 2014; Wallert et al., 2015). Various actin-myosin-related processes, such as cell motility, adhesion, phagocytosis and morphological changes, are promoted by ROCK activation (Honjo et al., 2001; Leemhuis et al., 2002; Khyrul et al., 2004; Mammoto et al., 2004; Kitzing et al., 2007; Rousseau et al., 2011; Zhou et al., 2011). In our study, Y27632 and fasudil produced striking changes in the morphology of microglia that were associated with increased migration activity. After ROCK inhibition, microglia had enlarged cell bodies and an irregular shape with many small processes. The expansion and shrinkage of the cell body along with the disappearance and outgrowth of branched processes depend on cytoskeletal remodeling induced by ROCK (Matsui et al., 1996).

ROCK is a well-known downstream effector of Rho. Rho proteins constitute a subgroup of the Ras superfamily of GTP hydrolases. Ras family members are small GTP-binding proteins. Ras activates the cascade composed of a MAPKKK (Raf), a MAPKK (MEK1/2) and a MAPK (Erk). The MAPK signaling pathway plays an important role in microglial phagocytosis, proliferation, inflammatory factor secretion and migration (Calvo et al., 2011; Martin et al., 2012; Miao et al., 2012; Ellert-Miklaszewska et al., 2013). ROCK signaling plays a key role in many neurodegenerative diseases and models, and inhibition of ROCK has beneficial effects. ROCK as well as ERK regulate dynamic changes in cellular morphology through actin cytoskeletal reorganization, and both the ROCK and ERK pathways are potential therapeutic targets for spinal muscular atrophy (Hensel et al., 2014). In the present study, ERK signaling was found to be involved in the migratory and morphological changes induced by Y27632 and fasudil. Y27632 and fasudil, which inhibit ROCK, increased the phosphorylation of ERK1/2 in microglia. However, U0126, an inhibitor of ERK (Villanueva et al., 2007), suppressed the Y27632- and fasudil-induced changes in microglial migration. These results strongly suggest that the ERK signaling pathway mediates the ROCK inhibitor-induced enhancement of microglial migration and associated morphological changes.

SCI is a catastrophic injury, including multiple events. We previously reported that Rho/ROCK signaling is involved in microglial phagocytosis and migration, making it a potential therapeutic target for treatment of SCI. Fasudil is used clinically for the treatment of ischemic cerebrovascular disease and is therefore an attractive candidate for clinical trials of treatments for SCI.

In summary, ROCK inhibition by Y27632 and fasudil effectively promotes microglial migration and initiates cell morphological changes through the ERK signaling pathway. Further studies on the underlying molecular and cellular mechanisms should provide additional insight into the role of ROCK in spinal cord injury and disease.
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